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NATIONALADVISCRYCOMMIT!EEFORANRONAUTICS 

RESEARCHMF&iORANDUM 

LIFT, DRAG, AND PITCHIIKZ MOMENT OF DOW-ASPECT-RATIO WIES AT 

SUDSOMC AND SUPERSONIC SPEEDS - ANINESTIGATIONATiXRGE 

REYNOLDS NUMEERS OF TEE LOW-SPEED CHARllcTEEISTICS 

OF SEVERAI WING-BODY COMBINATIONS 

By Donald W. Smith, Harry H. Shibata, and Ralph Selan 

Several wing-body coItlbinations hating wings suitable for supersonfc 
. . interceptor-type aircraft have been investigated at large Reynolds num- 

bers and low Mach nuuibers. Nine wing-body combinations were tested 
having wingaspect ratios of 2, 3, and 4, and including triangular, 

L trapezoidal, and swept-back plan forms. The lift, drag, and pitching 
moment of the models having wings of aspect ratio 2 are presented for 
Reynolds numbers from 4.9 mLlUon to 16.6 million at a constant Mach 
nu&er of 0.25. The characteristics for the models ha- wings of 

. aspect ratios 3 and 4 are presented for Reynolds numbers from approxl- 
mately 2.4 million to 10.6 million at a constant Mach number of 0.25. 
A comparison of the characteristics measured in both the Ames X&foot 
pressure wind tunnel and the Ames 6- by 6-foot supersonic wind tunneb at 
a Mach number of 0.60 and a Reynolds number of 4.9 million for the mcd?le 
hating wings of aspect ratio 2 and approximately 2.4 mKU:ion for the 
models hating wings of aspect ratfos 3 and 4 is included. 

INTRODCCTION 

A research program is in progress at the Ames Aeronautical Labora- 
tory to ascertain expertientally, at subsonic and supersonic Mach numbers, 
the characteristics of wings of interest.in the design of high-speed 
fighter airplanes. Variations in plan form, twist, caliber, and thiclmess 
are being investigated. The results publishedto date inthis program 
are presented in references 1 through 13. This report presents the low- 
speed, large Reynolds number characteristics of nine of the wings being l 

investigated in this progrsm. The characteristics of some of these nine 
. 
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wings in the Mach number range from 0.60 to 1.70 have been published in 
reference 5 and references 7 through l-2. . In all cases the wings have 
been tested in combination with a body. As in references 1 through 13, 
the data are presented herein without analyeis to expedite publication. 

NOTATION 

b wing span, feet . . . 

mean aerodynamic chord , feet 

C local wing chord, feet 

z length of body including portion removed to accommodate ating, 
inches 

lift-drag ratio 

L 
(1. -5 

maximum lift-drag ratio 

M 

9 

R 

r 

rO 

S 

X 

Y 

a 

Mach number -. 
. - 

free-stream dynamic pressure, pounds per square foot 

Reynolds number based on mean aerodynamic chord 

radius of body, inches 

maxbmn body radLue, inches 

total wing area including the area formed by extending the lead- 
ing and trailing edges to the plane of symmetry, square feet 

longitudinal distance from nose of body, inches 

distance perpendicular to plane of symmetry, feet 

angle of attack of the body axis, degrees i 



CD drag coefficient d=43 . 
( > ss . 

%l pitching-moment coefficient about the 25-percent point of the 

win@; mean aerodynamic chord 
( 

pitching moment 
qsc' . ) 

% lift coefficient lift 
( > , ss 

dCL 
da slope of the lift curve measured at zero lift, per degree 

acm slope of the pftching-moment curve measured at zero lift 
dcL 

APPARATUS 

Wind Tunnel and Equipment 

The expertiental investigation wae conducted in the Ames l2-foot 
pressure wind tunnel and in the Ames 6- by 6-foot supersonic wind tunnel. 
In each wTnd tunnel the Mach nu&er can be varied-continuously and the 
stagnation pressure can be regulated to maintain a given test Reynolds 
number. The air in these tunnels is drfed to prevent formation of con- 
densation shocks. Further information on these wind tunnels is presented 
in references 14 and 15. 

The models were sting mounted in each tunnel, the diameter of the 
sting being about 73.percent of the diameter of the body base for the 
models having wings of aspectratio 2.0 and about 93 percent of the 
diameter of the body base for the remabder of the models; The pitch 
plane of the model~support was vertical in the X&foot wind tunnel and 
horizontal Fn the 6- by 6-foot wind tunnel. A balance mounted on the 
sting support and enclosed tithTn the bodies of the mtiels Gas used to 
measure the aerodynsmic forces and moments on the models. 'Thebalance 
was the b-inch-diameter, four-component, strain-gage bslanee described in 
reference 16. 

Model 

. Photographs of typical'models mounted on.the sting support in the 
Ames l2-foot pressure wind tunnel are shown in figure 1. The nine 
models had five different plan forms which are shown along with certain 
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model dimensions in figure 2. Other Important geometric characteristics _-- 
of the models are given in table I. I 

,The wings of the models were constructed of either solid steel or 
by covering a solid steel spar with a tin-bismuth alloy. The body spar 
was also steel but was covered with aluminum to form-the body contours. 
The surfaces of the wing and body were polished smooth. 

Wings 2 and 3 were cambered and twieted.to support a nearly ellip- 
tfcal spanwise distribution of load at a lift coefficient of 0.25 and a 
Mach number of 1.53. The amount of camber and twist incorporated in 
these wings and the method by which ft was determined are presented in 
reference 8. 

The sharp leading edges of tings 4-d 8 were made elliptical to 
formwings 5 and 9. The detadls of the section modification are 
described in reference 10. 

.- 
-- 

The tings had neither dihedral nor incidence, and their root chords 
coincided with the longftudinal center line of the fuselage. 

c 

!TzsTs Am PROCEDURFS 

Range of Best Variables 

The characteristics- of the models as functions of angle of attack 
were investigated In the Ames E&foot pressure Hind tunnel for a range 
of Reynolds numberi from 2.57 million per foot to 8.81 miLLion per foot, 
at a constant Mach nuuiber of,C,25. Data were also obtained for a Mach 
number of 0.60 at a Reynolds number of 2.37 million per foot in both the 
l2-foot wind tunnel and the 6- by h-foot tind tunnel. 

Reduction of Data 

The test data have been reduced to standard NACA coefficient form. 
Factors which affect the accuracy of these results and the corrections 
applied are discussed in the following paragrap,hs. 

Tunnel-wall interference.- Corrections to the subsonic results 
for the induced effects of the tunne~waU.s, resulting from lfft on 
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the model, were made according to the method of reference 17. The 
numerical values ,of these corrections (which were added to the uncor- 
rected data) were: 

l2-foot wind tunnel 6- by 6-foot Kfnd tunnel 
Wing No. 

1 
A B 

0.27 0.0046 
.27 .0046 
.27 .0046 
-16' .0028 
-16 .0028 
.16 fOO28 
*. 16 .0028 
-16 .0028' 
.16 ..0028 

A- B 
0.93 0.0162 

-93 .0162 
093 .0162 

l Tf 957 :z 

l 55 
:g :z .0104 
l 59 -0104 

. No correct;ons were made to the pitching-moment coefficients. 

Theeffects at subsonic speeds of constriction of the flow by the 
tunnel walls were taken into account by the method of reference 18. The 
correction was calculated for conditions at O" angle of attack and was 
applied throughout the angle-of-attack range. In the 6- by 6-foot wind 
tunnel at a Mach number of 0.60 this correction amounted to less than a 
0.9 percent increase in the Mach number and in the dynemic pressure over 
that determined from a calibration of the wind tunnel without a model in 
place. At Mach numbers of 0.25 and 0.60 in the E&foot wind tunnel this 
correction was so small that ft was neglected. 

Stream variations.- In the test region of the X&foot wind tunnel 
the stream inclination, determined from tests of a wing qanning the 
tunnel, is lees than 0.08°. The longitudinal vsriatfon of static pres- 
sure in the region of the model is less than 0.9 percent of the aynamic 
pressure in thfa region. No correction for the effect of these stream 
variations was-made. 

Tests of the models, no+ and inverted, at subsonic speeds'.in the 
6- by 6-foot sqrsonic wind tunnel have indicated a stream inclinatfon 
of less than 0.1 and a slfght stream curvature in the pitch plane. 
No correctform were made to the data for the effects of these stream 
irregularitfes. No measurements have been made at subsonic speeds of the 
stream curvature in the yaw plane. At subsonic speeds, the longitudinal 
variation of statfc pressure in the region of the model is not known accu- 
rately at present, but a preliminary survey has indicated that it is 
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less than 2 percent of the dynainic pressure in ms region. No cotiec- 
tion was made to the data for the effect of this pressure variation. 
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Support interference.-. At subsonic speeds, the effecta of support 
interference on the aerodynamic characteristics of the models are not 
known. For the present tailless models, it is believed that such 
effects consisted primarily of changes in the pressure at the base of 
the models. In an effort to correct at-least partially for this support 
interference, the base pressure was measured and the drag data were 
adjusted to correspond to a base pressure equal to the static pres.sure. 
of the free stream. 

RESULTS .- 

The results sre presented in this reportwithout analysis in order 
to expedite publication. The variation of lift coefficient with angle 
of attack and the variation of drag coefficient, .pitching-moment 
coefficient, and lift-drag ratio tith lift coefficient at a Mach number 
of 0.25, and at Reynolds numbers from 2.57' million per foot to 
8.81 million per foot; are shown in figures 3 through 11. There are 
presented in figures 12 through 20 data obtained-in both the 6- by 6-foot 
wind tunnel and the X&foot wind tunnel for the same models. These data 
were obtained at a Mach number of 0.60 and a Reynolds number of 
2.57 million per foot. The results.presented in figures 3 through 11 
have been s ummarized in figures 21 and22 to shmr some important 
parameters as functions of Reynolds nmer.' The slope parameters have 
been measured at zero Uft. 

Ames Aeronautical'.Laboratory, 
National Advisory Cotittee for Aeronautics, 

Moffett Field, Calff. 

.- 
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(a) Wing of aspect ratio 3 munted on the small body. 

Figure l.- Models lnountedinthe l2eroottinatuDnel. 

ll 
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(b) Wing of aspect ratfo 2 mounted on the large body. 

Filgure l.- Concluded. 
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